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SUMMARY 
Pollution can produce severe impacts on eggs leading 
to embryo death or abnormal embryonic development. 
We have analysed the presence of chemical toxicants 
inside chameleon eggs from southern Spain. In this area, 
the chameleon (Chamaeleo chamaeleon) is considered as 
an endangered species that usually inhabits in highly 
populated areas. Previous studies have shown high em-
bryo mortality rates under natural incubation conditions. 
Lead and PCBs could be contributing to this low hatching 
success. Lead concentration in eggs was especially high 
with an average of 14.2 ppm on wet weight. This mean 
lead concentration has been toxic for other species. Resi-
dues of Cu, and Zn were also found in the clutches. Zn 
concentration averaged 11.05 ppm. Cd was not detected 
in any egg. Total PCBs were present at high concentra-
tions in eggs, with an average of 17 ppb on wet weight. 
Low concentrations of nine of ten analysed organochlo-
rine pesticides appeared in all the clutches studied. Only 
DBF and DDE were found at concentrations above 1 ppb.  
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INTRODUCTION 
In many oviparous species, factors affecting embryo 
survival may represent a very important cause of popula-
tion declines [1]. Among other perturbations, pollution 
can severely affect reptiles and could be contributing to 
their global decline [2]. Embryonic development is espe-
cially sensitive to many pollutants that could be an impor-
tant cause oftheir mortality. Adult females of oviparous 
species that inhabit polluted environments can acquire 
and accumulate pollutants and transfer them to their eggs 
[3, 4]. Moreover, many reptile species deposit eggs with 
permeable shells, that could absorb pollutants from the 
soil where they develop [5]. Pollutants can produce severe  
 
impacts on eggs leading to embryo death or abnormal 
embryonic development. However, there are few studies 
that analyse the accumulation of pollutants on reptile eggs 
[6-11]. We have analysed the presence of chemical toxi-
cants inside chameleon eggs from southwestern Spain. In 
this area, chameleon (Chamaeleo chamaeleon) is consid-
ered as an endangered species that usually inhabits highly 
urbanized areas [12-14]. Previous studies have shown 
high embryo mortality rates under natural incubation 
conditions [15]. 
 
 
METHODS 
Sample collection 
Adult chameleons reproduce once a year and females 
deposite clutches of 4-40 flexible-shelled eggs in deep 
nests [16, 17). In 1997, we selected nine chameleon nests 
at several locations in the Cádiz province of Spain. Nests 
were located among agricultural lands and coastal urban-
ised areas, in the surroundings of Rota and San Fernando. 
In previous years, we had studied chameleon nests and 
hatching success in this area [16]. Four eggs were col-
lected form each nest immediately after oviposition and 
stored alive in moistened vermiculite at ambient tempera-
ture until analysis. 
REFERENCE 18???? 
Analytical procedure 
Egg contents were analysed for the presence of trace 
elements (Pb, Zn, Cd and Zn), insecticides (a-HCH, g-
HCH, heptaclor epoxide, aldrin, dieldrin, dichloroben-
zophenone, p,p’-DDE, p,p’-TDE, p,p’-DDT) and PCBs 
(congeners 28, 52, 101, 118, 153, 105, 138, 167, 156, 
180, 170 y 194) [19]. Total PCBs were estimated by 
comparing the total peak areas with that of Aroclor 
1620. PCB congeners were calculated by comparing the 
peak area with that of single congeners for PCB 12 and 
209. After removing the shell, the content of the four 
eggs of each clutch was pooled. The presence of or-
ganochlorine pesticides and PCBs was analysed in the 
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eggs from 9 clutches, but the presence of trace metals 
was not analysed in the eggs from clutch 1.  
 
For element determination, 0.5 g of fresh tissue was 
placed in hermetic Teflon digester containers. Digestion 
was performed in an acid medium with 0.5 ml HNO3 and 
H2O2 (4 drops), with the sample in the furnace at 100 ºC 
for 4 hours. Analysis of Zn was performed using a flame 
Atomic Absorption Spectrometer (AAS) (Spectra A-100, 
Varian). Cu, Cd, Pb and As were measured using a Perkin 
Elmer (PE) longitudinal AC Zeeman (AAnalyst 600) AAS 
equipped with a Transversely Heated Graphite Atomizer 
(Perkin Elmer Hispania, S.A., Madrid, Spain). The instru-
mental detection limits (LOD) were Cd (0.008 ng/ml); Cu 
(0.1 ng/ml); Pb (0.06 ng/ml) and Zn (0.01 *g/ml). All 
specimens were analysed in batches, with blanks, known 
standards, and reference material, DORM-2 (Dogfish 
liver (Squalus acanthias)), and TORT-2 (Lobster hepato-
pancreas), from NRC. Accepted recoveries of reference 
material ranged from 88 to 110%. Relative standard de-
viation (RSD) in replicates and reference material was 
always below 10%. 
 
For the determination of organochlorinated com-
pounds, samples were homogenised and dehydrated by 
grinding with excess of anhydrous sodium sulphate 
(J.T. Baker). The metal extraction was conducted in 
Soxhlet apparatus with 200 mL of n-hexane (SDS, Pes-
tipur) for 18 hr. Then, the extracts were evaporated un-
der a nitrogen flux and purified with acid. Finally, the 
extract was concentrated to 1 mL and cleaned up over 
Florisil column (Floridin Co, Florida, EE.UU.). Samples 
were activated at 450°C for 24 h and maintained at 
130ºC until analysis. The extracts were analysed using 
gas chromatography (Hewlett-Packard) on a capillary 
column (60 m x 0.25 mm; 0.22 µm DB-5 film thick-
ness). Average fat weight of chameleon eggs was 7.2%, 
that ranged from 5.7% to 11.2%. 
  
 
 
RESULTS 
Nine of ten organochlorine pesticides analysed appeared 
in all the clutches studied. Only DBF and DDE were found 
at concentrations above 1 ppb on wet weight (ww). Total 
PCBs were present at higher concentrations, with an average 
value of 17 ppb ww (Table 1). Significant levels of Cu, Pb 
and Zn were found in all the egg samples. Lead concentra-
tion was especially high with an average of 14.2 ppm ww. 
Zn concentration averaged 11.05 ppm. Cd was not detected 
in any egg (Table 2).  
 
 
 
TABLE 1 - Organochlorinated compound concentrations on eggs of 9 (1-9) chameleon clutches (ppb on wet weight basis). 
 C1 C2 C3 C4 C5 C6 C7 C8 C9 mean SD 
HCHs 0.006 0.002 0.006 0.051 0.048 0.027 0.006 0.009 0.099 0.0282 0.0325 
DBF 0.285 1.424 0.144 1.05 0.633 1.553 0.146 0.099 1.364 0.7442 0.6074 
aldrin+dieldrin 0.044 0.269 0.107 0.187 0.114 0.131 0.02 0.015 0.236 0.1248 0.0916 
DDTs 0.335 1.695 0.257 1.288 0.795 1.711 0.172 0.123 1.699 0.8972 0.7032 
Total PCBs 9.24 33.57 8.34 26.3 15.77 19.25 4.57 2.94 32.53 16.946 11.706 
C = clutch 
 
 
 
 
TABLE 2 - Trace element concentrations in eggs of 8 (2-9) chameleon clutches (ppm on wet weight basis).  
 C2 C3 C4 C5 C6 C7 C8 C9 mean SD 
Lead 13.20 21.90 12.80 9.82 22.10 21.11 8.68 4.00 14.201 6.385 
Zinc 8.23 12.10 10.93 10.68 11.28 10.68 13.23 11.27 11.050 1.332 
Cadmium Nd Nd  Nd Nd Nd Nd Nd Nd   
Cooper 0.32 0.27 0.19 0.15 0.31 0.22 0.39 0.27 0.265 0.072 
C = clutch. Nd = below the detection limit 
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Concentrations of PCBs, DBFs, DDTs, aldrin and di-
eldrin in the different clutches were highly correlated 
(Pearson correlation: r > 0.84, P < 0.001, in all cases) but 
were not correlated to the presence of trace metals or 
HCHs. Lead concentration was not correlated with con-
centration of any of the other chemicals analysed. We 
found differences in pollutant concentrations among popu-
lations. Eggs from San Fernando were less polluted than 
those from Rota. Mean lead and total PCB concentrations 
in San Fernando were 4 ppm and 2.9 ppb, respectively, 
while in Rota lead varied from 8.7 to 22.1 ppm and total 
PCBs from 4.6 to 33.6 ppb. 
 
 
 
DISCUSSION 
Chameleons in southern Europe have a small and 
fragmented distribution and are considered as endangered 
[13, 15). Moreover, they are exposed to severe environ-
mental impacts such as habitat destruction and urbanisa-
tion, road kills or harvesting for pet or illegal trade. This 
study suggests that the exposure and accumulation of 
pollutants seems to be other factor that should be consid-
ered in a risk assessment. Chameleon eggs from all the 
populations studied had a cocktail of pollutants that 
probably indicate the level of environmental pollution 
where females inhabit. Especially significant is the con-
centration of lead and PCBs in eggs. This is the first re-
port of accumulation of environmental contaminants in 
chameleons. 
 
In the area studied, this species inhabits highly popu-
lated areas and can get these pollutants from different 
industrial or urban sources, such as industrial residues, 
vehicle exhausts or numerous illegal rubbish dumps. 
Levels of PCBs inside eggs indicate a certain level of 
industrial pollution on their habitats. Wild reptiles are 
exposed to lead when capturing herbivorous preys that 
graze in polluted areas near motorways [20-22] or when 
inhaling lead-containing dust. Lead exposure of wildlife 
reptiles also occurs in urban environments [23, 24]. Very 
high lead concentrations in reptiles have been found in 
areas near to lead smelters [25]. The presence and concen-
tration of pollutants in chameleon eggs are an indicator of 
the level and type of pollution in their environments. 
Other reptiles such as turtles [26-28] and lizards [29] have 
been already proposed as bioindicators of environmental 
pollution.  
 
Concentration of pollutants in female body is usually 
much higher than in their eggs. Heavy metal concentra-
tions are usually higher in the liver and kidney than in the 
muscle and eggs of loggerhead turtles [30]. Heavy metal 
concentrations in the yolk of eggs from the oviduct indi-
cate the accumulation levels in female turtles, suggesting 
that the analysis in yolks of sea turtle eggs collected ran-
domly from any clutch enable the estimation of the heavy 
metal concentrations in nesting female turtles [30]. Con-
centration of pollutants in chameleon eggs is probably a 
good indicator of concentration in females.  
 
Lead concentrations that we have detected in chame-
leon eggs are higher than values found in eggs of other 
reptiles [10, 30]. Even though lead concentration is usu-
ally lower in eggs than in liver or kidney of a given indi-
vidual [30], concentrations that we have found in chame-
leon eggs are higher than those found in liver of other 
lizard species [29] and similar to those found in liver and 
kidney of turtles that live near lead smelters [25]. There is 
no information about the effect of this concentration on 
chameleon eggs, but 14 ppm ww of lead on wet weight is 
toxic for other species and could be also highly toxic for 
chameleon embryos. In waterfowl and other birds, lead 
concentrations of 8 ppm ww in liver indicate clinical poi-
soning and lead concentrations in liver over 15 ppm ww 
mean certain death [30, 31]. Lead background concentra-
tions in liver and kidney of birds are lower than 2 ppm ww. 
The possibility of synergism among Pb and some of the 
rest of the detected toxicants, or others that we did not 
measure, should be considered. 
 
The high concentrations of lead found in chameleons 
are especially significant, if we consider that it is a short-
lived species. Most of the wild individuals only live one 
year after hatching and would have less time to accumu-
late toxicants than many other long-lived species such as 
turtles or crocodiles. The high lead levels detected indi-
cate that either they are exposed to high doses in the field 
or they have a high absorption rate or high affinity to lead. 
Chameleons are insectivorous [32] and preys of many 
large predators such as snakes, carnivorous mammals or 
diurnal and nocturnal raptors [14, 15]. Chameleons and 
their predators could be bio-magnifying lead pollution in 
the food web. 
 
Early life stages of many species exhibit a greater 
toxicological sensitivity to contaminants than the adult 
life stages [34]. Accumulation of toxic substances in eggs 
could be related to high embryo mortality rates. For ex-
ample, lead causes subnormal physical growth and irre-
versible disturbed brain development in embryos and 
juveniles, resulting in neurobehavioral deficiencies [35-
37]. Prenatal lead exposure by its concentration in blood 
of 10-15 µg/dl and possibly lower, is linked to reduced 
gestational age, lower birth weight and other adverse 
effects on early development and growth in mammals 
[38]. High levels of PCBs in eggs can retard growth, 
cause abnormalities or affect sex determination and future 
male fertility [28, 39, 40]. 
 
Reptile eggs usually develop inside the soil without 
parental care and the nest environment affects decisively 
embryonic development [1]. Flexible-shelled eggs are 
especially sensitive to their hydric environment and can 
take up large amounts of water from the soil increasing 
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their mass up to three or four times from egg laying [41, 
42]. Reptile eggshells are also permeable to some gasses 
such as oxygen and carbon dioxide [43]. Eggs could ab-
sorb pollutants during embryonic development from the 
nest environment, increasing the impact of contaminants 
obtained from maternal transfer. 
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